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1. Introduction
In RAN4 #108 meeting, it agreed in WF [1] as below:

For the PTRS configurations in EVM test:

· No PTRS configuration for EVM test for CP-OFDM and DFT-S-OFDM

For MPR simulation, -25dB/-20dB IQ image and -25dBc/-20dBc carrier leakage should be improved for UE supporting UL 256QAM:
· There is no change of the requirements for other modulation orders

· It shall be better than -36dB IQ image and -36dBc carrier leakage for UL 256QAM.
And how to define the MPR for 39GHz need further discuss since the phase noise profile is different from 29GHz.
Based on above agreements, this contribution mainly further provided the MPR simulation results and discussed the remaining issues for FR2-1 UL 256QAM.
2.  Discussion
2.1 MPR simulation results 
Based on the agreed MRP simulation assumptions, we simulated the MPR for PC1 with 200MHz and 400MHz channel bandwidths, the detail simulation parameters are shown in table 2.1-1:

Table 2.1-1 FR2-1 256QAM MPR simulation parameters
	Parameters
	Value

	Frequency
	29GHz, 39GHz

	SCS
	120kHz

	BW
	200MHz, 400MHz

	Background AWGN
	No additional noise

	Time offset/Frequency offset
	0

	Antenna configuration
	1T1R

	Modulation
	256QAM

	Waveform type
	CP-OFDM/DFT-s-OFDM

	DMRS
	3 symbols per slot (UL DMRS add-pos = 2)

	PTRS configuration
	OFF

	EVM measurement
	Data aided EVM calculation, based on ideal data signal

	Phase noise profiles
	For 29 GHz

Prameters from MTK
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For 39GHz
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And the EVM budget is shown in Table 2.1-2:

Table 2.1-2 EVM budget in MPR simulation for 256QAM
	Tx EVM contributor
	EVM (%)
	SNR (dB)

	IQ Imbalance(w/ compensation)+ Phase Noise
	2.8
	31

	PA Non-linearity & Transmitter
	2.1
	33

	Total
	3.5
	29.1


Based on above simulation parameters, we simulated different configurations:

· PC1 200MHz and 400MHz with PN and no PTRS for 29GHz. 
The simulation results for 200MHz channel bandwidth are shown in figure 2.1-1 and figure 2.1-2:
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Figure 2.1-1 PC1 200MHz MPR for 256QAM with PN and no PTRS for 29GHz DFT-s-OFDM
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Figure 2.1-2 PC1 200MHz MPR for 256QAM with PN and no PTRS for 29GHz CP-OFDM
Based on RB allocations regions of the channel bandwidths less than 200MHz for FR2-1 defined in current Spec as below:
NRB is the maximum number of RBs for a given Channel bandwidth and sub-carrier spacing defined in Table 5.3.2-1 of TS 38.101-2.

RBend = RBStart + LCRB - 1

RBStart,Low = Max(1, Floor(LCRB/2))

RBStart,High = NRB – RBStart,Low – LCRB
An RB allocation is an Outer RB allocation if

RBStart < RBStart,Low OR RBStart > RBStart,High OR LCRB > Ceil(NRB/2) 

An RB allocation in the channel bandwidths less than 200MHz is a Region 1 inner RB allocation if 

RBstart ≥ Ceil(1/3 NRB) AND RBend < Ceil(2/3 NRB)

An RB allocation is a Region 2 inner allocation if it is NOT an Outer allocation AND NOT a Region 1 inner allocation.

The MPR values of 200MHz channel bandwidths for different regions are shown in Table 2.1-3 based on the simulation results of figure 2.1-1 and figure 2.1-2:
Table 2.1-3 MPRWT for power class 1, BWchannel ≤ 200 MHz in FR2-1
	Modulation
	MPRWT (dB), BWchannel ≤ 200 MHz

	
	Outer RB allocations
	Inner RB allocations

	
	
	Region 1
	Region 2

	DFT-s-OFDM
	256QAM
	8.7
	8.5
	8.1

	CP-OFDM
	
	10.9
	10.2
	10.7


The simulation results for 400MHz channel bandwidth are shown in figure 2.1-3 to figure 2.1-4:
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Figure 2.1-3 PC1 400MHz MPR for 256QAM with PN and no PTRS for 29GHz DFT-s-OFDM
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Figure 2.1-4 PC1 400MHz MPR for 256QAM with PN and no PTRS for 29GHz CP-OFDM
Based on RB allocations regions of 400 MHz channel bandwidths for FR2-1 defined in current Spec as below:

NRB is the maximum number of RBs for a given Channel bandwidth and sub-carrier spacing defined in Table 5.3.2-1 of TS 38.101-2.

RBend = RBStart + LCRB - 1

RBStart,Low = Max(1, Floor(LCRB/2))

RBStart,High = NRB – RBStart,Low – LCRB
An RB allocation is an Outer RB allocation if

RBStart < RBStart,Low OR RBStart > RBStart,High OR LCRB > Ceil(NRB/2) 

An RB allocation in 400 MHz channel bandwidth is a Region 1 inner RB allocation if

RBstart ≥ Ceil(1/4 NRB) AND RBend < Ceil(3/4 NRB) AND LCRB ≤ Ceil(1/4 NRB)
An RB allocation is a Region 2 inner allocation if it is NOT an Outer allocation AND NOT a Region 1 inner allocation

The MPR values of 400MHz channel bandwidths for different regions are shown in Table 2.1-4 based on the simulation results of figure 2.1-3 and figure 2.1-4:
Table 2.1-4 MPRWT for power class 1, BWchannel = 400 MHz in FR2-1
	Modulation
	MPRWT (dB), BWchannel = 400 MHz

	
	Outer RB allocations
	Inner RB allocations

	
	
	Region 1
	Region 2

	DFT-s-OFDM
	256QAM
	8.5
	7.5
	7.6

	CP-OFDM
	
	10.7
	10.7
	10.3


In our simulations, we can see the limit factor for 256QAM MPR is EVM, and the larger MPR are need for the RB allocations which are overlap with the IQ image and mainly located around the carrier leakage. If we don’t redefine the RB allocation regions, the MPR values for outer allocation, region 1 inner allocation and region 2 inner allocation.
Proposal 1: Based on current regions definition of RB allocations, the MPR of UL 256 QAM for 29GHz could be 

	Modulation
	MPRWT (dB), BWchannel ≤ 200 MHz

	
	Outer RB allocations
	Inner RB allocations

	
	
	Region 1
	Region 2

	DFT-s-OFDM
	256QAM
	9
	9
	9

	CP-OFDM
	
	11
	11
	11


	Modulation
	MPRWT (dB), BWchannel = 400 MHz

	
	Outer RB allocations
	Inner RB allocations

	
	
	Region 1
	Region 2

	DFT-s-OFDM
	256QAM
	9
	9
	9

	CP-OFDM
	
	11
	11
	11


Due to time constraints, we don’t finish the simulation for PC1 all RB allocations of 39GHz, to compare the MPR difference of 39GHz with 29GHz due to the difference of phase noise profiles, we only give simulation results for some RB allocations based CP-OFDM of 200MHz channel bandwidth with 120kHz SCS, Table 2.1-5 gave the simulation results based on different IQ images:

Table 2.1-5 MPR values of 39GHz and 29GHz for PC1

	Modulation
	Frequency
	IQ image
	MPR

	
	
	
	132@0
	120@6
	100@17
	80@27
	60@40
	40@52
	20@61

	CP-OFDM
	29GHz
	-36dB
	10.6
	10.4
	10.6
	10.3
	9.8
	9.8
	9.7

	
	39GHz
	-40dB
	14.3
	14
	14.2
	14.3
	12.8
	12.6
	11.7

	
	
	-50dB
	12.6
	13.1
	12.8
	12.4
	11.7
	11.4
	10.6


Due to we used 28GHz PA model, the MPR values are larger for 39GHz than the values of 29GHz. In additional, we simulation the MPR values for 39GHz with different IQ image values, from table 2.1-5, we can see, the MPR value will be reduced when we using smaller IQ image. So, the MPR values of 39GHz are related not only to phase noise profile but also to PA model. Therefore, the MPR values of 39GHz could be modified by choosing suitable PA model/
Proposal 2: The MPR of 39GHz UL 256 QAM could be the same as the values of 29GHz.
2.2 The feasibility of PC3
In the WID [2], target power class PC3 is second priority for FR2-1 UL 256QAM. And during the RAN4 study of the UL 256QAM feasibility, it was agreed that the discussion on PC3 is not precluded and handled as second priority [3].

Now there are only two meetings to finish this project, we need further make decision whether target power class PC3 supports UL 256QAM or not.
Figure 2.2-1 shows the system level simulation result under urban macro scenario for PC3 to evaluate the feasibility based on previous simulation assumptions.
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It can be observed that at 29 GHz (n257) for urban macro scenario:

-    The target SNR of 28dB for 29 GHz at BS side can be achieved by 0.03% of PC3 UE.

It seems hard to support UL 256QAM for FR2-1 PC3 UE based on above simulation results.
Proposal 3: Remove PC3 from the object of FR2-1 UL 256QAM in the WID.
2.3 How to capture the MPR for PC2/5 into Spec
In current Spec, the MPR of lower modulation orders than 256QAM for PC2/5 reused the value of PC3, therefore, it just said the MPR as specified in clause 6.2.2.3 applies. If we don’t define UL 256QAM for PC3 or PC3 has different MPR values for 256QAM from PC2/5, how to capture the MPR for PC2/5 into Spec need discuss.
In last meeting, the draft CR [4] proposed to introduce the MPR for PC2/5 into the MPR table of PC3 and add a note clarify that MPRs for 256QAM are applicable for power class 2 and 5 only.
In this meeting, if RAN4 agree to remove PC3 from the object of FR2-1 UL 256QAM, maybe the MPR of 256QAM for PC2/5 can be introduced into related clause of PC2.
Proposal 4: How to capture the MPR of 256QAM for PC2/5:

· Option1: Capture into the MPR table of PC3 and clarify that MPRs for 256QAM are applicable for power class 2 and 5 only in the note, as below:

	Modulation
	MPRWT, BWchannel

	
	Inner RB allocations,

Region 1
	Edge RB allocations



	DFT-s-OFDM
	Pi/2 BPSK
	0.0
	≤ 2.0

	
	QPSK
	0.0
	≤ 2.0

	
	16 QAM
	≤ 3.0
	≤ 3.5

	
	64 QAM
	≤ 5.0
	≤ 5.5

	
	256 QAM
	TBD
	TBD

	CP-OFDM
	QPSK
	≤ 3.5
	≤ 4.0

	
	16 QAM
	≤ 5.0
	≤ 5.0

	
	64 QAM
	≤ 7.5
	≤ 7.5

	
	256 QAM
	TBD
	TBD

	Note 1: MPRs for 256QAM are applicable for power class 2 and 5 only.


· Option2: introduce a new table into related clause of PC2 6.2.2.2 for 256QAM:
	Modulation
	MPRWT, BWchannel

	
	Inner RB allocations,

Region 1
	Edge RB allocations



	DFT-s-OFDM
	256 QAM
	TBD
	TBD

	CP-OFDM
	256 QAM
	TBD
	TBD


3. Conclusion

This contribution provided the simulation results to evaluate the phase noise profile and further analysis the minimum EIRP and PTRS configuration for EVM test. And proposed:

Proposal 1: Based on current regions definition of RB allocations, the MPR of UL 256 QAM for 29GHz could be 

	Modulation
	MPRWT (dB), BWchannel ≤ 200 MHz

	
	Outer RB allocations
	Inner RB allocations

	
	
	Region 1
	Region 2

	DFT-s-OFDM
	256QAM
	9
	9
	9

	CP-OFDM
	
	11
	11
	11


	Modulation
	MPRWT (dB), BWchannel = 400 MHz

	
	Outer RB allocations
	Inner RB allocations

	
	
	Region 1
	Region 2

	DFT-s-OFDM
	256QAM
	9
	9
	9

	CP-OFDM
	
	11
	11
	11


Proposal 2: The MPR of UL 256 QAM for 39GHz could be the same as the values of 29GHz.

Proposal 3: Remove PC3 from the object of FR2-1 UL 256QAM in the WID.
Proposal 4: How to capture the MPR of 256QAM for PC2/5:

· Option1: Capture into the MPR table of PC3 and clarify that MPRs for 256QAM are applicable for power class 2 and 5 only in the note, as below:

	Modulation
	MPRWT, BWchannel

	
	Inner RB allocations,

Region 1
	Edge RB allocations



	DFT-s-OFDM
	Pi/2 BPSK
	0.0
	≤ 2.0

	
	QPSK
	0.0
	≤ 2.0

	
	16 QAM
	≤ 3.0
	≤ 3.5

	
	64 QAM
	≤ 5.0
	≤ 5.5

	
	256 QAM
	TBD
	TBD

	CP-OFDM
	QPSK
	≤ 3.5
	≤ 4.0

	
	16 QAM
	≤ 5.0
	≤ 5.0

	
	64 QAM
	≤ 7.5
	≤ 7.5

	
	256 QAM
	TBD
	TBD

	Note 1: MPRs for 256QAM are applicable for power class 2 and 5 only.


· Option2: introduce a new table into related clause of PC2 6.2.2.2 for 256QAM:

	Modulation
	MPRWT, BWchannel

	
	Inner RB allocations,

Region 1
	Edge RB allocations



	DFT-s-OFDM
	256 QAM
	TBD
	TBD

	CP-OFDM
	256 QAM
	TBD
	TBD
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